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(54) Title: METHOD OF FABRICATING A MILLIMETER OR SUBMILLIMETER WAVELENGTH COMPONENT 

(57) Abstract 

A method of reproduc- 
ing a millimeter or submillime- 
ter wavelength device includ-, 
ing forming a master (2) of 
the millimeter or submillime- 
ter wavelength device, form- 
ing at least one mold (20) from 
the master (2), and forming at 
least one replica (30) of the 
millimeter or submillimeter de- 
vice using the mold (20). The 
master (2) is made by forming 
connector ports (2a), channels 
(2e) and grooves into a block 
of solid material, providing a 
backshort (2c) in the appro- 
priate locations, and providing 
a thin protective coating layer 
(2j) if necessary. The master 
(2) is optimized for the pro- 
duction of precision waveguide 
structures with unique features 
such as rounded edges, tapered 
sidewalls and the absence of 
features which would inhibit 
the easy release of the master 

(2)' or cast replica (30). The mold (20) is formed by providing a cavity with a baseplate (6) which is attached to the master (2), and pouring 
a mold resin into the cavity surrounding the master (2). The mold (20) is cured and the master (2) is extracted from the cured mold resin. 
The replica (30) is formed by pouring a casting resin into the mold (20), curing the resin and removing the replica (30) from the mold. A 
metalization layer is then added to internal surfaces of the replica (30) and two mirror image replicas are joined so as to form a complete 
millimeter or submillimeter device. 
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METHOD OF FABRICATING A MILLIMETER OR SUBMILLIMETER WAVELENGTH COMPONENT 
TITLE OF THE INVENTION 



CROSS REFERENCES TO RELATED APPLICATIONS 

This application is related to United States Provisional Application Attorney Docket 
Number 494-220-2PROV by Koh et al entitled "INTEGRATION OF HOLLOW 
WAVEGUIDES, CHANNELS AND HORNS BY LITHOGRAPHIC AND ETCHING 
TECHNIQUES" filed March 25, 1997, and United States Provisional Application Attorney 
Docket Number 494-22 1-2PROV by Koh et al entitled "A PREFERENTIAL CRYSTAL 
ETCHING TECHNIQUE FOR THE FABRICATION OF MILLIMETER AND 
SUBMILLIMETER WAVELENGTH HORN ANTENNAS" filed March 25, 1997, both of 
which are incorporated herein by reference. 



Field of the Invention: 

This invention relates to the fabrication and reproduction of mfflimeter and 
submillimeter wavelength devices using mastering, molding and casting (MMC) techniques, 
and more particularly the fabrication of high precision millimeter JPfd sub-millimeter 
wavelength hollow waveguides, channels, horns, and assemblies using MMC techniques. 



Mastering, Molding and Casting (MMC) Technology- 
For High Precision Fabrication Of 
Millimeter And Submillimeter Wavelength 
Hollow Waveguides, Channels, Horns And Assemblies 



BACKGROUND OF THE INVENTION 
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s, an electromagnetic waveguide i 



is an 




fcture which is capable of 



confining and guiding electromagnetic energy from one point to another in a circuit. A 
variety of structures have been devised to accomplish this goal. For example, coplanar 
waveguide is a type of waveguide which consists of thin strips of coplanar conductive 
material on a dielectric substrate. Another example is dielectric waveguide in which the 
radiation is confined in a coaxial dielectric tube by the principle of total internal reflection. A 
hollow metal electromagnetic waveguide is an electrically conductive hollow tube or pipe- 
like structure or a collection of such structures designed to confine and guide electromagnetic 
radiation. Hollow metal waveguides are usually rectangular or circular in cross section. A 
horn is a tapered or flared waveguide structure which couples energy to or from free space 
within a defined spatial distribution (beam pattern). Only the inside surface of these 
structures must be conductive as the major fraction of the electrical current is constrained by 
nature to flow within a thickness known as the skin depth which is directly related to 
wavelength. Also the inner dimensions of such waveguides are determined by the radiation 
wavelength and are also generally proportional to wavelength. 

Because of these relationships, the fabrication and design of hollow waveguide 
assemblies and components are strongly dependent on the operating wavelength. For 
example, in the case of microwaves with wavelengths on the order of centimeters, hollow 
waveguides can be easily fabricated by the extrusion of rectangular metallic tubes which have 
inside dimensions on the order of centimeters. Injection molded or extruded plastic 
waveguide components are also typically easily made for microwave wavelengths if they are 
coated with a sufficiently thick conductive material on internal surfaces. Also waveguide 
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components for microwave frequencies can be made in sections which are joined by flanges 
and alignment is typically not difficult because of the relatively large dimensions. 

However, the fabrication of hollow waveguide assemblies for millimeter and 
submillimeter wavelengths is typically much more difficult because the dimensions are 
correspondingly smaller. Also assemblies and subassemblies of waveguides sometimes 
include active electronic devices such as diodes or transistors and other passive components 
and circuits to make radio receiver and transmitter components such as heterodyne mixers. 
Therefore a complex network of accurately aligned, interconnected and very small hollow 
metal channels must be made and some of these channels must hold active and passive 
electronic components. This is generally not feasible with microwave style tubing. 

A waveguide assembly designed for millimeter and submillimeter wavelengths is 
traditionally made by fabricating two machined metal "half ? blocks, which when joined . 
together, form a structure comprised of air-filled metal channels. Because of RF 
electromagnetic field and current considerations, it is rare that any of the slots can typically 
be formed only in one half with the other half being a simple flat cover. Thus the blocks have 
slots of various shapes and sizes which are often, but not always the mirror image of each 
other and which require precise control of depth, width and position (i.e., alignment). This 
"split block" approach solves two basic problems: (1) the difficulty of monolithically 
forming complex and very small hollow metallic structures and (2) the need to insert a circuit 
deep within the structure. 

In recent years high quality millimeter and submillimeter wavelength components 
have been manufactured using the technique based on direct machining of metal blocks, for 
example, as described by Siegel et al., "Measurements on a 215 GHz Subharmonically 
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Pumped Waveguide Mixer Using Planar Back-to-Back Air-Bridge Schottky Diodes", IEEE m 



Blundell et al., "Submillimeter Receivers for Radio Astronomy", Proc. IEEE, Vol. 80, No. 
1 1 , pp. 1 702-1 720, Nov. 1992. Figure 7 of Blundell et al is a drawing of a machined horn 

m 

antenna and waveguide fabricated using the described split block technique. The primary 
benefits of machining the waveguide and the horn antenna into the metal block are that it is a 
well understood process which gives the designer great flexibility, the final structure is 
robust, and all internal components, such as semiconductor diodes, are protected. Another 
asset of traditional machining that is often taken for granted is its enormous dimensional 
depth range. Hole or slot depth can easily range from one mH to 1 inch (1 : 1000). This 
allows, for example, the formation of the relatively large holes required for the insertion and 
mounting of electrical connectors needed to move low frequency signals (IF, DC) to or from 
the waveguide block. The machining process is essentially three dimensional, and therefore 
allows the integration of electromagnetic horns of nearly arbitrary shape. 

Although the above-described direct machining technique has gained wide industry 
acceptance, the expense of the required machining equipment, the personnel expertise, and 
the fabrication time greatly increase the cost of fabricating millimeter and submillimeter 
wavelength components. Also, as the desired operating frequency of the components is 
increased (i.e., wavelength is decreased), the required dimensions of the metal block features 
shrink proportionally in relation to the decrease in wavelength, making fabrication even more 
costly and difficult. 

For example, another common technique for fabricating millimeter and submillimeter 
wavelength components is known as electroforming, for example, as described by Ellison et 



Trans. Microw; 




eory and Tech., Vol. MTT-41, No. 




1 3- f 921, Nov. 1993, and 
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al., "Corrugated Feedhorns at Terahertz Frequencies-Preliminary Results 0 , Fifth Intl. Space 
THz Tech. Symp., Ann Arbor, MI, pp. 851-860, May 1994. In the electro forming technique, 
a metal mandrel is formed by high precision machining methods and is then used as a metal 
core around which a second metal is deposited by electroplating. It is this second metal 
which eventually forms the hollow waveguide after the initial metal is chemically etched 
away. This technique is employed because it is often easier to machine the mandrel than the 
actual waveguide itself. Using this technique, components have been fabricated for 
frequencies up to 2.5 THz, however, the fabrication of the components is still costly and 
difficult. 

Another technique for fabricating millimeter and submillimeter wavelength horn 
antennas is known as silicon micromachining, for example, as describe by Ali-Ahmad„ "92 
GHz Dual -Polarized Integrated Horn Antennas", IEEE Trans. Antennas and Prop., Vol. 39, 
pp. 820-825, July 1991, and Eleftheriades et al., "A 20 dB Quasi-Integrated Horn Antenna", 
IEEE Microwave and Guided Wave Letters, Vol. 2, pp. 73-75, Feb. 1 992. Using this 
technique the horn antennas are fabricated using a preferential/selective wet etch and silicon 
wafers with a correct crystal orientation, such that the etch process proceeds very quickly in 
the vertical or (100) crystal plane direction but which virtually stops when the (111) crystal 
planes are reached. The etch is carried to completion such that only the (111) plane surfaces 
are exposed, and the result is a pyramidal shape etched into the silicon having a flare angle 
between two opposite sides of the pyramidal shape of about 70 degrees. 

Another method of producing millimeter and submillimeter wavelength waveguides 
and horns involves the use of photoresist formers as described by Treen et al, "Terahertz 
Metal Pipe Waveguides", Proc. 18th Intl. Conf. on IR and Millimeter Waves, pp. 470-471, 



-5- 



BNSDOCIO: <WO 9842486A1_I_> 



Sept. 1993, Brown et al, "Micromachining of Terahenz Waveguide Components with 



Oct. 1994, and T jicvszy^eral. "0.1 THz Rectangular Waveguides on GaAs Semi-Insulating 
Substrate", Electronic Letters, Vol. 31, No. 9, pp. 721-722, April 1995. Techniques using 
photoresist formers to fabricate waveguides and horns take advantage of processing 
developed by the silicon microelectronics industry. Using this technique, hollow waveguides 
and horns formed around appropriately shaped layers of photoresist have been fabricated. 
The benefit is that the processing and shaping of photoresist is a well developed technology 
which can be precisely controlled on large wafers, thereby allowing many structures to be 
manufactured simultaneously and thus reducing costs. Also, photolithography easily 
provides the precision necessary for waveguide structures at the highest frequencies 
envisioned. The primary problems have been: (1) forming and processing tall enough 
photoresist structures cheaply and reliably, (2) removing the thick photoresist from inside the 
waveguides, and (3) producing horns which flare in two dimensions. 

All waveguide assembly fabrication techniques which rely on micromachining, or 
photoresist technology suffer from several fundamental limitations: (1) The maximum depth 
of features is limited to several millimeters because of limitations in photoresist thickness due 
to light absorption or deposition quality or by limitations in practical etch rates; (2) Many of 
these structures are composite in nature with two or more materials being utilized. This can 
result in problems such as thermal expansion mismatch and processing incompatibilities; (3) 
The shape of channels is limited by the etching mechanism which is employed and by 
crystallographic effects. Arbitrary shapes are generally not possible, especially in different 
directions on the same wafer. For example, channels with a semicircular cross section which 
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are required in some very efficient waveguide feed horn designs (e.g., corrugated horns) are 
not currently possible; (4) Additional structures must be provided to build a complete 
receiver component (e.g., mixer, doubler, etc) such as those required to protect delicate 
components and structures and to enable mounting and connection of other system 
components (e.g., SMA connectors); and (5) the production rate of micromachined 
waveguides can be severely limited by the number of waveguides which may be formed on a 
wafer and the number and complexity of the processing steps which must be carried out. 
This problem increases as operating frequency decreases due to the increase in wavelength 
and corresponding increase in the size of the components. 



SUMMARY OF THE INVENTION 
Accordingly, one object of this invention is to provide a technique for the fabrication 
of millimeter and submillimeter wavelength structures which reduces the cost of fabricating 
the structures. 

Another object of the present invention to provide a technique for the fabrication of 
millimeter and submillimeter wavelength horn antennas integrated with waveguides, 
channels, and other components. 

Another object of the present invention to provide a technique for the fabrication of 
millimeter and submillimeter wavelength horn antennas integrated with waveguides, 
channels, and other components wherein high precision machining is greatly reduced thereby 
reducing component and system costs. 

Another object of the present invention to provide a technique for the fabrication of 
millimeter and submillimeter wavelength horn antennas integrated with waveguides, 
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channels, and other components wherein mermal expansion mismatch and processing 



Another object of the present invention to provide a technique for the fabrication of 
millimeter and submillimeter wavelength horn antennas integrated with waveguides, 
channels, and other components which facilitates fabrication of complete components, such 
as mixers with additional structures to build a complete receiver component (e.g., mixer, 
doubler, etc), components required to protect delicate devices and structures, and structures to 
enable mounting and connection of other system components (e.g., SMA connectors). 

Another object of the present invention to provide a technique for the fabrication of 
millimeter and submillimeter wavelength horn antennas integrated with waveguides, 
channels, and other components with increased production rate. 

The above and other objects are achieved according to the present invention by 
providing a new and improved method of fabricating a millimeter or submillimeter 
wavelength device including forming a master of the millimeter or submillimeter wavelength 
component, forming at least one mold from the master, and forming at least one replica of the 
millimeter or submillimeter device using the mold. 

According to a further aspect of the present invention, the master is formed by 
machining or otherwise forming channels, grooves and connector ports into a millimeter or 
submillimeter wavelength component block, rounding the edges and tapering the sides of the 
device block, providing a backshort in a channel of the millimeter or submillimeter 
wavelength component block, and by providing a thin coating layer for surface protection and 
mold release. 

According to another aspect of the present invention, the mold is formed by providing 



incompatibilitie: 




minimized or reduced. 
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a cavity with a baseplate which is attached to the master and pouring a mold resin into the 
cavity surrounding the master. The mold is cured and the master is extracted from the cured 
mold resin. According to another aspect of the invention, a liquid casting resin is poured 
into the mold and around the master. The casting resin is cured to form a solid replica of the 
master and this solid replica is removed from the mold. 

According to yet another aspect of the present invention, a metalization layer is then 
added to the working surfaces of the replica and two replicas, which are designed to be 
combined are joined so as to form a complete a millimeter or submillimeter device. 



A more complete appreciation of the invention and many of the attendant advantages 
thereof will be readily obtained as the same becomes better understood by reference to the 
following detailed descriptions when considered in connection with the accompanying 
drawings, wherein: 

FIG. 1 is a top right perspective view showing the reproduction of millimeter and 
submillimeter wavelength devices using mastering, molding and casting (MMC) techniques, 
according to the present invention; 

FIGs. 2A-2D are views showing mastering techniques, according to the present 
invention; 

FIGs. 3A-3D are views showing backshorting techniques, according to the present 
invention; 

FIGs. 4A-4G are views showing composite mastering techniques, according to the 
present invention; 



BRIEF DESCRIPTION OF THE DRAWINGS 
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FIGs. 5A-5B are views showing the use of thin films to protect and to impart release. 



invention; 

FIGs. 6A-6B are views showing a mold fixture assembly, according to the present 
invention; 

FIG. 7A-7B are views showing backside forming options, according to the present 
invention; 

FIG. 8A-8F are views showing a mold fabrication process, according to the present 
invention; and 

FIG. 9A-9H are views showing a casting process, according to the present invention. 



Referring now to the drawings, wherein like reference numerals designate identical or 
corresponding parts throughout the several views, and more particularly to Figure 1 thereof, 
there is illustrated a process for reproduction of millimeter or submillimeter wavelength 
devices using mastering, molding and casting (MMC). 

In Figure 1, a master device 2 of a millimeter or submillimeter wavelength device, for 
example, formed by traditional machining or by any other suitable process or combination of 
processes, such as micromachining, preferential etching, etc., as previously discussed, can be 
made of any suitable material. The present invention uses novel MMC techniques to 
drastically reduce the cost of fabricating millimeter and submillimeter wavelength 
components, such as mixers, multipliers, or housings fabricated using the above-described 
methods, or techniques described, for example, in Hesler et al, "Fixed Tuned Submillimeter 



properties to v; 



composite materials in mastering techni 




according to the present 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Wavelength Mixers Using Planar Schottky Barrier Diodes", IEEE Trans. Microwave Theory 
and Tech., Vol. 45, No. 5, May 1997, or United States Provisional Application Attorney 
Docket Number 494-22 1 -2PROV filed March 25, 1997, by Koh et al entitled "A Preferential 
Crystal Etching Technique for the Fabrication of Millimeter and Submillimeter Wavelength 
Horn Antennas", both of which are incorporated herein by reference. A mold 20 
corresponding to the master 2, is fabricated using any suitable material which can be formed 
around the master 2, yields high dimensional reliability upon release from the master 2, and is 
suitably durable. Final replicas 30 corresponding to the master 2 and made from the mold 20 
can also be made of any of a variety of suitable materials. One criteria being that the final 
replicas 30 can be formed in the mold 20, maintain etch dimensional reliability, and are 
suitably durable for the lifetime of the final component. As a final step of the process the cast 
structures of the replicas 30 are coated with a suitable material to achieve low loss surfaces. 

A detailed description of the MMC techniques according to the present invention will 
now be described with reference to Figures 1-9. Molding and casting is an ancient art v 
regarded as a means for replication of simple objects. However, given an optimal 
combination of mastering, molding and casting according to the present invention, high 
precision millimeter and submillimeter wavelength assemblies (also referred to as 
"waveguide assemblies") which exhibit improved quality and/or lower manufacturing cost 
can be fabricated as compared to traditional machining, such as micromachining, preferential 
etching, etc., as previously discussed. According to the present invention, the molding and 
casting portion of the process is strongly coupled to the mastering portion in terms of the 
geometrical layout, the choice of materials and the specific techniques which are employed 
which distinguishes the present technique from traditional casting/molding methods. The 
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masters which are used in the present invention are typicaiiy unique to tne process according, 
to the present m^^oru but other waveguide techniques may^^^be used in combination to 
fabricate the masters. 

Fabrication of millimeter and submillimeter wavelength components/assemblies by 
MMC according to the present invention drastically alters the economics of manufacturing 
such devices since only one master block pair must be made for each millimeter or 
submillimeter wavelength design. Costly and time-consuming fabrication techniques and 
enhancements which are prohibitive in non-replicative manufacturing become economically 
feasible even for high production levels. Thus both the quality and the quality /cost ratio of a 
replicated millimeter and submillimeter wavelength components/assemblies may be better 
than that of a traditional machined millimeter and submillimeter component. For example, 
the use of quality enhancing methods such as very low machining feed rates, electropolishing, 
electroplating, state-of-the art computer numerically controlled (CNC) machines, and 
interferometrically controlled tool positioning become economically viable. 



Mastering 

Hollow waveguide assemblies for millimeter or submillimeter wavelengths can be 
ideal candidates for fabrication by means of the MMC technology of the present invention. 
However, the master block 2 must typically be designed to take maximum advantage of the 
molding and casting materials and techniques of the invention. One consideration is to 
minimize the detrimental effects of demolding (removing either the master 2 or the cast 
replica 30 from the mold 20). This step puts stress on the mold 20 and can cause it to become 
distorted, to tear or to break. Since millimeter and submillimeter wavelength structures 
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require dimensional control on a scale as small as several microns, this damage cannot be 
typically tolerated. This concern is overcome in the present invention in several ways, the 
first of which is the selection of a modified form of open cavity molding which is unique to 
the invention. According to the present invention, casting resin is poured into an open cavity 
mold 20, that is, a mold which is in essence an open box shape. This leaves the open face of 
the mold 20 as an access port for demolding the finished solid casting replica 30. However, 
this access alone does not eliminate demolding stress or damage. Such stress or damage is 
minimized in the present invention by one or more of the following features of the master 
block 2, used in fabricating the mold 20, which typically have no effect on the performance 
of the finished waveguide assembly as will now be discussed. 

— No waveguide assembly feature which would require an expansion or stretching of 
the mold can be tolerated. In practical terms, this means that features may certainly and ... 
preferably be defined in the bottom face of the open cavity. Features may be defined in the 
sidewalls but only with lines, ridges or recesses which run perpendicular to the bottom or 
those which are not isolated from the waveguide face. In Figure 2A, this above restriction is 
illustrated in the requirement for an electrical connection port 2a in the millimeter or 
submillimeter wavelength assemblies master block 2 (i.e., SMA connector 2a). In a typical 
machined block 2, for example, as described by Hesler et al, having a diagonal horn 2b, a 
waveguide 2c, DC bias slot 2d, and channel structure 2e (e.g., mixer circuit probe slot), this 
port 2a would be located precisely and drilled through one of the block halves as shown in 
Figure 2A. Notice that the hole 2a is drilled perpendicular to the plane of the channel 
structure 2e and it is stepped in diameter being larger on the back side than on the channel 
structure 2e side. A mold 20 made from such a master block 2 could not be separated from 
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us master 2 without severe stress ana distortion of me moid 20. W tine it may be possible to. 



replica 30 to meet it, it is much more preferable to form the SMA port 2a as illustrated, for 
example, in Figure 2b. In Figure 2B, half of the SMA port 2a is machined into each block 
half 2 in a location and with a shape which does not put any undo stress on the mold 20. 

In addition, alignment features 2P and 2f ' could be machined in area 2f. By using 
alignment features 2f and 2f * on both half block masters in the form of aligned slots, the 
block halves can then be forced into alignment by placing one or more short (as compared to 
slot length), snugly fitting rectangular bars into place, each of which spans between the slots. 
Thus alignment is simplified as compared to a peg and hole alignment feature since it is 
typically more difficult to align drill holes than it is to align intersecting slots with 
intersecting bars as in the present invention. 

In addition to the above master block 2 design considerations, the vertical edges 2h of 
the master block 2 of Figure 2A and 2B can be rounded as shown in 2h* of Figure 2C, since 
sharp edges 2h will cause stress concentration in the mold 20 itself and the corresponding 
sharp edges 2h in the master block 2 and in the cast replica 30 are more likely to cut the mold 
20. Further, the mold 20 release characteristics can be enhanced by introducing a taper 2i, for 
example of greater than three degrees (no specific taper minimum has been established), in 
the sidewalls of the master block 2 (i.e., the patterned face of the master block 2 which forms 
the bottom of the open cavity mold 20 is smaller in width and length than the corresponding 
dimensions of the opposite face), as illustrated in Figure 2D. In the preferred embodiment, 
the back side of the master block 2 will be provided with a blind threaded hole (not shown) 
which is used to mount the master to the mounting fixture baseplate and which serves as a 
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gripping point to enable the removal of the master from the mold. 

The materials used to fabricate the master block 2 in the present invention can be very 
different from those used to make "single use" or "direct use" traditional waveguide assembly 
since the only important characteristic is typically the final shape of the master block 2. 
Within fairly wide limits, factors, for example, such as the master block 2 material strength, 
hardness, and electrical and thermal conductivity, are typically unimportant. Thus materials 
with exceptionally good machining or other processing properties, but which are otherwise 
unsuitable for "direct use" blocks may make excellent replication master blocks 2. 

Another feature of the present invention is the use of multiple or composite material 
structures to form the master block 2. A good example of the utility of the composite master 
concept, according to the present invention, is the "backshort" structure which is typically 
necessary in most mixer designs. A backshort is a blind slot which is used to reflect radiation 
back into the waveguide 2c to create a desirable standing wave pattern to improve energy 
coupling to the mixer element. Thus backshort position is typically critical and is used as a 
tuning device. However, blind rectangular slots with flat, vertical end walls are virtually 
impossible to make with traditional machining techniques (i.e., milling, scraping, drilling, 
turning). The backshort structures are thus typically formed by filling in a slot at some point 
with a separate block of metal which may be held in place by a tight fit or other means in the 
waveguide 2c. Sometimes backshort structures are created by pushing a soft metal such as 
indium into an existing slot as taught by Hesler et al. Note in this case the final waveguide is 
a composite structure with one relatively weak, very low melting point component. 

However, a backshort structure according to the MMC technology of the present 
invention can be made of a metal or a non-metal since only its physical characteristics are 

-15- 



BNSDOCID: <WO 9842486A1_I_> 



important. In Figure 3B, for example, a plastic plug 2c with a rectangular cross section is m 



The cast replication of this composite master block 2 would be a mold 20 with a monolithic 
backshorted slot 2c 5 \ as shown in Figure 3C. The plastic plug 2c' could be removed and 
repositioned at will in the master block 2. This would allow one machined master block 2 to 
produce a variety of composite molds 20 as shown in Figure 3C and replicas 30 as shown in 
Figure 3D, each with a different backshort position. This would greatly improve the quality, 
performance and reduce the cost of the waveguide mixers and other devices requiring a 
backshort. A composite backshorted slot could also be made by filling the entire slot with a 
photopolymer which cures on exposure to light. By means of highly accurate 
photolithographic techniques, a specific section of the slot can be left with a polymer "plug" 
with very straight sidewalls. The replication of this structure would obviously be monolithic. 
In addition, if the master block 2 is made of chemical resistant material, then the 
photopolymer backshort could be chemically removed and replaced at will, thus again 
allowing the fabrication of components with a variety of backshort positions from one 
machined master block 2. 

Another example of the utility of a composite master concerns the wide range of 
dimensions involved in waveguide component fabrication. A horn antenna section can start 
with dimensions on the order of several millimeters and taper down to a rectangular 
waveguide slot which is only 0.1 millimeters. The large features of the horn are typically easy 
to make with high quality CNC machining but the small features are difficult. Moreover, the 
pattern of "machine marks" or scratches which are inherent in machining create relatively 
large non-uniformities in the small slots. Misalignment of the small slots should be kept 
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below ten percent which may be less than 10 microns. Thus it would be desirable to make a 
composite master in which the horn is made by one relatively "coarse" technique such as 
traditional machining, and the slots by a relatively "fine" technique such as photolithography. 
Other composite techniques such as that described by Koh et al, "Integration of Hollow 
Waveguides, Channels and Horns by Lithographic and Etching Techniques", incorporated 
herein by reference, may be useful in forming casting master blocks 2 either alone or in 
combination with other methods. 

In the embodiment as shown in Figures 4A-F, a metal master block 2 is ground flat on 
one side (Fig. 4A) and has a region 2f milled (Fig. 4B) out to prevent unnecessary 
interference in joining the block halves and also provide a recess to accept the small 
waveguide slots. The connector port 2a is machined (Fig. 4C), and a diagonal horn slot -2b 
(Fig. 4D) is next formed from one edge to the milled-out recess 2f in such a manner that the 
horn slot breaks through the recess edge where its height is equal to the recess depth. The 
recess is next filled in with a photopolymer or photoresist 2k (Fig. 4E), such as 
photosensitized Shell SU-8 and the photopolymer 2k is patterned photolithographically to 
form the small waveguide channels 2c, 2d and 2e (Fig. 4F) which intersect the horn 2b and to 
form other required slots. Miniature alignment features could also be formed in this step as 
taught by Koh et al, "Integration of Hollow Waveguides, Channels and Horns by 
Lithographic and Etching Techniques", incorporated herein by reference. 

Another alternative is to form the small waveguide channels by the following method. 
As shown in Figure 4G, the step of Figure 4E above could be skipped and a small waveguide 
circuit 21 comprised of a carrier such as silicon can be made using photolithography to 
accurately define rectangular channels 2a, 2b, and 2e in a photopolymer. This circuit 21 can 
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be bonded in position such that (1) its top surface is copianar with the topmost sunace of the t 



connected to the diagonal horn 2b. 

Some master block 2 materials, shown in Figure 5 A, may have a tendency to bond or 
react with the mold material (e.g., silicone, polyurethane). Traditional mold release coatings, 
such as waxes and sprays are typically unsuitable in fabricating millimeter or submillimeter 
wavelength devices since they are so thick they alter the device dimensions. However, the 
deposition of a very thin (<1000 A) of metal, ceramic or polymer, shown as 2j in Figure 5B, 
can provide a master block 2 surface protection and mold 20 release enhancements without 
significantly affecting the waveguide dimensions. Common thin film deposition techniques 
such as evaporation, sputtering or vapor/plasma deposition can be used to deposit the thin 
film release/protection layer 2j. These release/protection layers 2j can usually completely 
eliminate any incompatibilities or adhesion between the molding resin and the master block 2 
material, especially in the case of composite master blocks 2 where one material may be 
delicate or reactive. This technique, according to the present invention, further expands the 
possibilities for materials for the master block 2 fabrication. 



The mold resin which is used to fabricate molds according to the present invention 
can typically be made from a variety of polymeric materials, such as silicone rubber or 
polyurethane. Both silicone rubber and polyurethane have excellent fidelity. However, a 
hard RTV silicone rubber is preferable for mold 20 fabrication according to the present 
invention since this material combines excellent detail reproducing capability with excellent 
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mold release characteristics. Bubble elimination using a simple vacuum treatment in the 
mold 20 is much more effective and complete with silicone rubber as compared to 
polyurethanes. Polyurethanes are more difficult to "degas" which leaves small voids in the 
mold 20 which typically can be devastating to the ultimate replication. Desirable properties 
for silicone compounds for mold 20 fabrication according to the present invention include: 
(1) silicone RTV (room temperature vulcanizing) rubber which either fully cures at room 
temperature with low shrinkage (<1%) or which can be cured before demolding or postcured 
(after demolding) at elevated temperatures without excessive shrinkage, stress or distortion of 
the pattern; (2) addition cured rather than condensation cured for best inhibition resistance 
and complete thick section cure with typically no reaction by-products; (3) hardness 
preferably in the relatively high range for this type of material (Shore A >40); and (4) other 
properties typical of silicone rubber designed for molding such as high tear resistance and 
good release characteristics without the use of mold release agents. 

A molding/casting fixture 100 according to the present invention is shown in Figure 
6A and 6B. The molding fixture 100 holds the master block 2 in a fixed and centered 
position and provides confinement of the liquid molding resin. In the embodiment shown, 
the molding fixture 100 includes a cylindrical confinement/support ring 4 used for 
confinement which, after curing of the silicone resin, remains bonded to the rubber. This 
helps to maintain the global shape of the master block 2 and prevents distortion during use. 
The cylindrical confinement/support ring 4 can be made from low cost standard tubing which 
is simply cut to length and has its ends faced flat and smooth in a lathe. The confinement 
ring can be made of any material which is compatible with the mold resin but is preferably 
made of a material with a coefficient of thermal expansion which closely matches that of the 
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moid material, ihe ouisme or msiue diameter of the connnement/support ring 4 is typically, 
not critical, but^^ength should be greater than the master j^B 2 height and may allow 
space for the reinforcing plate 12 and screws 12b. The reinforcing plate 12 and/or screws 12b 
is not necessary but may be included. To improve the bond between the confinement/support 
ring 4 and the mold resin, the inner surface must be clean and it may additionally be scored, 
sanded, scratched or grooved although this will increase its cost. Aluminum is an ideal 
molding fixture 100 material (with the exception of the confinement/support ring 4 and rear 
reinforcing plate 12 and screws 12b which preferably should be made of a material with a 
thermal expansion coefficient which is relatively close to that of the silicone rubber molding 
compound) since it is low cost, easy to machine and does not inhibit silicone rubber curing. 

As shown in Figures 6A and 6B, the molding fixture 100 includes a baseplate 6 which 
holds the master block 2, via master attachment screw 16, in position and which holds the 
above cylindrical confinement/support ring 4 in a centered position with respect to the master 
block 2, an o-ring seal 8 between the baseplate 6 and the confinement/support ring 4 and a 
clamping means 10, such as bolts and nuts 10a, to hold the confinement/support ring 4 tightly 
sealed to the baseplate 6. A rear reinforcing plate 12, although not necessary, is typically in 
the form of a circular disk which includes tapped thru-holes 12a distributed in a radial pattern 
is provided opposite the baseplate 6. Machine screws 12b of the appropriate length are 
screwed into some of the tapped holes 12a so that the screw heads 12c will be embedded into 
the silicone rubber thereby locking the reinforcing plate 12 and screws 12b in place and 
reinforcing the mold 20. A hard connection can also be made with screws through untapped 
holes at the edge of the reinforcing plate 12 and into matching tapped holes in the edge of the 
confinement/support ring 4. The rear reinforcing plate 12 can be made in a variety of ways to 
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include the essential feature of reinforcing the silicon rubber as much as possible. 

As further shown in Figure 6A, the molding fixture 100 also includes a removable 
overflow tube 14 made of clear or opaque plastic or metal positioned in such a manner as to 
extend the confinement/support ring 4 and allow for the temporary volume expansion caused 
by the vacuum "degassing" process in which the silicone rubber "rises" or "foams" as 
entrapped air is removed. 



Casting resin for replication of the waveguide assemblies in a variety of very hard (> 
Shore D 60) thermoset polymers such as polyurethanes, epoxies, and ally lies for which cure 
may be initiated by the mixing of a catalyst, or the application of heat or radiation, including 
UV light is used. Important properties of the casting resin include: (1) uncured resin which 
has low viscosity, long pot life, bubble free or easy bubble elimination, simple mixing or 
single component, low temperature cure, and simple curing process; and (2) cured resia 
which has good release characteristics, very low shrinkage, excellent mechanical and thermal 
properties, and good machinability. 

As shown in Figure 7a, the mold 20 design includes a backside former 18. Open 
cavity molds typically form a solid object with five controlled surfaces. The shape of the 
sixth surface, the "open" side of the mold, is normally controlled only by surface tension and 
gravity (level). The back side of a replica block which is cast in a simple open cavity mold 
will not be flat but rather concave or convex. Thus additional machining is required after 
demolding if a flat rear replica block 30 surface is desired. In addition, removal of the cast 
replica block 30 will be difficult and will require the use of either some sort of prying tool or 
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drill and tap procedures wnich may damage the part and/or distort the mold 20. A unique . 



former" 18 as shown in Figure 7a. In Figure 7a, the "back-side former" 18 is comprised of a 
relatively flat disk with a centering lip 18a or other centering means around the perimeter and 
a tapped hole 1 8b in the center. A machine screw 1 8c is threaded through the tapped hole 
18b and extends below the inside disk surface. The inside surface and protruding screw 18c 
threads are coated with a conventional mold release (wax, Teflon spray). When the back-side 
former 18 is positioned on the open cavity mold 20 over confinement/support ring 4, the 
screw 18c is suspended in the center of the mold 20 cavity 22 and is embedded in the cast 
waveguide replica block resin. The back-side former 1 8 can be made of various materials 
including a plastic Petri dish top whose edge acts as a centering lip 1 8a (if the 
confinement/support ring 4 is appropriately sized) and which are very low cost (disposable) 
and transparent. A hole 18b is drilled through and tapped for a small screw 18c (e.g., 10-24) 
in the back-side former 18. After filling the mold 20 cavity 22 with liquid casting resin 20a, 
the back-side former 18, with center screw 18c is lowered onto the mold 20. As the back-side 
former 18 is lowered, the screw 1 8c displaces a small quantity of resin and the level of resin 
rises slightly above the top surface of the cavity 22. This excess resin then contacts the inner 
surface of the back-side former 1 8 and is spread out to the perimeter of the mold 
confinement/support ring 4. This procedure simultaneously flattens the back side of the cast 
replica block 30 and embeds a release-coated screw in the replica block 30. After the resin 
cures, the embedded screw 18c is first removed by unthreading and then the back-side former 
18 disk is pulled off (it releases easily because of a wax/Teflon coating). The screw 18c (or 
another screw with the same thread pattern) is now threaded into the cast-formed threaded 
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hole in the replica block 30 in such a manner as to leave exposed a sufficient length of the 
screw 18c to serve as a gripping support for demolding. Demolding can be accomplished "by 
hand 1 ' by pulling on this screw 18c or by prying against the underside of the screw 18c head 
using the edge of the confinement/support ring 4 as a fulcrum. A replica block "puller" (not 
shown) utilizing a threaded hole in the replica block in a similar manner as described above 
can also be employed. The replica block puller, if employed, exerts force precisely 
perpendicular to the open face of the mold 20 and supports the silicone rubber against 
distortion from the demolding action by providing a rigid plate with an aperture just slightly 
larger than and concentric to the opening of the mold 20 cavity 22. 

An alternative to the above-described "backside former" is the "backside insert" 17 as 
shown in Figure 7B. The backside insert 17 is a solid block which is designed to be 
positioned inside the mold cavity 22 and to be pemianently bonded to the casting resinr This 
backside insert 1 7 can be made of plastic or metal which is compatible with the casting resin. 
This backside insert 17 is designed to displace most of the mold cavity 22 volume thereby 
creating a finished waveguide component in which the geometrical features formed by the 
mold 20 are contained in a relatively thin section of the casting resin. The backside insert 17 
can be a simple shape or it may be a preformed part, ideally a low cost injection molded 
plastic or metal casting in which non-critical features (such as holes for mounting and 
demolding or connector ports) have been pre- formed at very low cost. If the backside insert 
17 is transparent plastic, then a light or ultraviolet-curing casting resin could be used. These 
resins cannot typically be used to form a full thickness replica block 30 since efficient curing 
is limited to thin sections because of light/UV absorption. The use of light or UV activated 
curing has the advantages of unlimited "pot" lifetime, very short cure times and generally are 
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provided as single con^^nem systems. The elimination of resin component mixing increase^ 
production efficj^^ and reduces air bubble formation. This^^^side insert 17 also reduces 
the consumption of expensive casting resin. 



Metalization 

According to the present invention, the completed replica 30 waveguide assembly is 
typically coated with a, more or less, continuous layer of conductive material. This layer 
provides electrical conductivity and also provides other desirable functionality including 
protection (hermiticity) of the underlying polymer or other metals from chemical attack by 
intentional or unintentional exposure, protection of the underlying polymer from changes 
induced by absorption of water or other agents, the prevention of outgassing of organic 
vapors or moisture from the underlying polymer and good bonding qualities for soldering or 
wire bonding. This conductive coating, typically a metal coating, must exhibit high adhesion 
and resistance to peeling during abrasion or thermal cycling. Several excellent metal coating 
methods are available including evaporation, sputtering, chemical vapor deposition, 
electroplating and electroless plating. Electroless plating offers excellent hermiticity since 
the process deposits metal on all exposed surfaces including reentrant features such as pits 
and some holes. In practice, plastics are usually coated with two or more metals, the first to 
promote adhesion and the others to provide protection and high electrical conductivity. 
These coatings and processes are well developed and highly effective. 

Details of the mold fabrication and casting of replicas will now be discussed with 
reference to Figure 8 and 9. 
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Mold Fabrication 

In Figure 8A-8F, the mold resin 20a used for fabricating the mold 20 according to the 
present invention is, for example, a silicone compound 16-270 manufactured by Precision 
Silicones, Inc. This is an addition cured resin which cures fully at room temperature in 6-7 
hours. It has a viscosity of 30,000 cps which is low for resins of this type and cures to a 
hardness of Shore A 55. 

The mold fabrication process begins with thoroughly cleaning and drying parts of the 
mold fixture 100 and any mixing utensils which come into contact with the silicone rubber 
resin 20a. The master block 2 is coated with a layer of hydro fluorcarbon in a CHF3 plasma 
although other release layers could be used. Note that this release layer may not be necessary 
in all cases. 

The master block 2 is fastened to the mold fixture 100 baseplate 6 with a center screw 
16. The o-ring 8 is positioned in the baseplate 6 and the confinement/support ring 4 is placed 
into position on the baseplate 6 and around the master block 2. The mold fixture, 100 clamp 
10 is positioned on the confinement/support ring 4 and clamped tightly to the baseplate 6 
with clamp bolts 10a. The reinforcing screws 12b are placed in position on the reinforcing 
plate 12. The silicone RTV resin system (PSI 16-270) is thoroughly mixed A:B::10:1 by 
weight in a glass beaker. A small quantity of the resin 20a is poured into the mold fixture 
100 to cover the master 2 as shown in Figure 8 A. The overflow tube 14 is placed atop the 
confinement/support ring 4 as shown in Figure 8B. The fixture with resin 20a is placed into a 
vacuum chamber and the pressure is reduced to 28-29 inches Hg and held at this level. 
Entrapped air will expand causing the resin mixture 20a to "foam" and expand in total 
volume and after several minutes this air will break free of the mass of the resin 20a and the 
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level will drop. The vacuum is held for about one minute after this to ensure that all 



removed. More resin 20a is added and the procedure is repeated until the mold cavity 22 is 
completely full as shown in Figure 8C. 

In Figure 8D, the rear reinforcing plate 12 with reinforcing screws 12b attached is 
positioned on the confinement/support ring 4 so that the screws 12b are embedded in the 
silicone resin 20a. The mold fixture assembly 100 is again placed in a vacuum chamber and 
the pressure is reduced to 28-29" Hg. After several minutes, entrapped air will be expelled 
and the assembly is removed from the chamber. The silicone-filled mold cavity 22 is left 
undisturbed for at least 12 hours at room temperature. In Figure 8E, the screw 16 which 
attaches the master block 2 to the baseplate 6 is removed. The fixture clamp 10 is released 
and the confinement/support ring 4, with cured resin 20a and embedded master block 2 is 
pulled away from the baseplate 6 as shown in Figure 8E. In Figure 8F, the master block 2 
attachment screw 16 is then inserted directly into the master block 2 (bottom) and is used as a 
point to exert force to remove the master block 2. Typically, the master block 2 is easily 
removed with a moderate force applied to this screw 16. The moid cavity 22 is next 
inspected with a low power stereo and high magnification microscopes for defects in 
comparison to the master block 2. The mold 20 is stored in a dust- free environment or is 
covered at all time with a dust cover. 

Replication Bv Casting 

Replication by casting according to the present invention will now be described with 
reference to Figures 9A-9H. An excellent casting material is Conap Conathane UC-40 
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polyurethane. It has very low viscosity (500 cps) and a relatively long pot life (for PUR) of 
14 minutes. It cures at room temperature with a linear shrinkage which is not measurable and 
a final shrinkage after heat cure of only 0.03 percent and can be demolded in 6 hours. Final 
cure is achieved in 16 additional hours at 80 C. The final cured polymer is hard (Shore D 
75), strong (6900 PSI), moderate elongation (10%), high impact strength (Izod Unnotched 
1.56 Ft-lb/in), and it has excellent machinability. 

The casting process begins with mixing component cleaning. PUR's are highly 
* moisture sensitive in the liquid state and thus should contact only dry, non-porous surfaces. 
Contamination of the liquid PUR resin can result in cure inhibition and/or a reduction in 
material properties. For these reasons, the mixing container must be clean and dry. 

When the back-side former 18 is put into place some excess resin 24 is extruded from 
the cavity 22 and it can flow beyond the silicone rubber and contact the confinement/support 
ring 4 edge or outside. If the resin 24 bonds well to these surfaces, the back-side former 18 
may be impossible to remove. To prevent this problem, all exposed surfaces of the 
confinement/support ring 4 and the reinforcing plate 12 must be coated with a mold release 
agent. However, such coatings must not be allowed to contact the inside of the mold cavity 
22 since such coatings generally are relatively thick compared to the fine features of the mold 
20. A practical method is to simply cover the cavity 22 with a solid disk which is larger than 
the cavity 22 diagonal but smaller than the confinement/support ring 4 diameter. The entire 
exterior of the mold assembly 20 is then sprayed with mold release (e.g., Teflon) and allowed 
to dry. Ideally this release spray cover is designed with an o-ring seal to contact the silicone 
rubber on the top surface of the mold 20 to prevent any possible leakage of the airborne 
release spray into the mold cavity 22. 
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Two-component polyurethane casting resins must be mixed just prior to use since pot^ 



mixed in a glass beaker with a glass stirring rod in an A:B::2:1 weight ratio. The PUR liquid 
casting resin 24 is poured into the mold cavity 22 to just cover the waveguide assemblies 
features 28 as shown in Figure 9A. In virtually all cases some small air bubbles will be 
trapped in contact with the silicone mold 20 surface 26. Some may originate from the resin 
24 mixing process and some may be the result of entrapment of air as the liquid resin 24 is 
introduced. A relatively small number of bubbles in the bulk of the resin 24 (i.e., not in 
contact with the mold surface 26) may not be harmful to the cast replica block 30 physical 
properties (e.g., strength) unless they are very large. However, bubbles which are left in 
contact with the mold surface 26 can remain as the resin 24 cures to a solid thus forming 
voids in the active surface 28 of the waveguide replica block 30. Because of the very small 
feature size of the waveguide assembly design, air bubble voids must typically be totally 
eliminated, at least from the waveguide channels 2c, 2d and 2e shown in Figure 2. Air 
bubble elimination can be accomplished and aided by several techniques such as brushing 
with a very fine (#000) artist or spotting brush. However this is very labor intensive. Less 
labor intensive methods include vibrating the mold assembly 20, reducing the atmospheric 
pressure (vacuum degassing), increasing the atmospheric pressure and centrifuging or various 
combinations of these methods. Centrifugation, alone, of the partially or completely filled 
mold with the bottom surface of the mold perpendicular to the radius of the centrifuge (i.e., 
parallel to the bottom surface of the centrifuge rotor bucket) has been found to be the most 
effective and efficient method of bubble elimination in this process where polyurethane 
casting resins are employed. Additional resin 24 is poured into the mold 20 and any air 
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bubbles are again eliminated. This process is repeated several times until the mold cavity 22 
is completely full with resin 24 as shown in Figure 9B. It may also be possible to utilize only 
one resin 24 pour followed by air bubble elimination. 

Once the mold cavity 22 is completely filled with liquid PUR resin 24 the back-side 
former 1 8 plate is gently lowered onto the mold assembly 20. It may be necessary to first 
apply a small quantity of resin 24 to the center of the screw 18c to provide sufficient excess 
resin. Alternatively, the mold cavity 22 may be slightly overfilled with surface tension 
preventing overflow and causing a slightly convex liquid resin surface 24a (Figure 9B). The 
back-side former 18 is finally pushed against the mold 20 as shown in Figure 9C. The mold 
assembly 20 is allowed to cure undisturbed at room temperature for at least 12 hours. If the 
mold confinement ring 4 is made of a material which nearly matches the mold resin 24 in : v 

thermal expansion coefficient, then the casting may be cured at elevated temperature «■ 
(typically 80 C) for a much shorter time (typically 2 hours) prior to demolding. 

In order to demold the replica block 30, the back-side former 18 screw 18c is ^ 
unthreaded and removed and the back-side former 18 is pulled or peeled away from the mold - & 
20 as shown in Figure 9D. Excess cured PUR resin 24b as shown in Figure 9E can next be 
easily peeled from the mold 20. A very thin film of cured resin 24b is formed in the backside 
forming process because of the inevitable gap between the former 1 8 surface and the mold 
20. However, this film 24b is easily stripped away and it breaks cleanly and parts from the 
cast waveguide replica block 30 as shown in Figure 9F. The screw 18 is rethreaded into the 
formed threads 18d in the cast replica block 30 as shown in Figure 9G. This screw 18c is 
used as a gripping point to exert a force to remove the cast replica block 30 from the mold 20 
(demold) as shown In Figure 9H. This can be done manually or with a "block puller" as 
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described above. The room temperature cured replica block 50 is placed into a convection 



16 hours and is then allowed to cool down to room temperature. 

The cast solid PUR replica block 30 half may optionally cleaned with trichloroethane 
or other cleaning agents and blown dry with nitrogen. Next the replica block 30 may also 
optionally be treated with oxygen plasma at high pressure and low power (IT, 50 W) for a 
total of one hour. This process chemically etches away a thin layer of PUR and removes 
surface contamination and dulls any glossy surface with pits which are much smaller than the 
waveguide features. This dry etching process is generally believed to improve the adhesion of 
subsequent metals which are applied to the surface. The replica block 30 is next loaded into a 
vacuum sputtering system for metal deposition. This system must apply the metals over a 
wide range of incident angles to completely cover all recesses in the replica block 30a 
surfaces. This can typically be done by aiming the source towards the replica block 30 at 
typically 45 degrees from normal and rotating the replica block 30. Chromium, for example, 
is first deposited as an adhesion layer to a thickness of typically 50 to 200 A. This is 
followed by, for example, gold as a plating seed layer to a thickness of typically 500 to 2000 
A. 

Finally the replica block 30 which is now metalized, may be mounted to an 
electroplating fixture and electroplated with gold to a thickness of typically 1 to 3 microns. 
This thick gold reduces the electrical resistance of the replica block 30 surface and provides a 
sufficiently thick metal for soldering or wire bonding. After plating the replica block 30 is 
rinsed with DI water, blown dry with nitrogen and inspected with optical and scanning 
electron microscopy for defects. 



oven 



and the tei 




iture is ramped up to 80 Celsius and hel 




at temperature for at least 
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Although the present invention is described in terms of the fabrication of millimeter 
and sub-millimeter wavelength waveguide components using mastering/casting/molding 
techniques, it will be appreciated that alternative structures can also be fabricated by the 
present method, such as oscillators, multipliers, amplifiers, detectors and mixers with active 
and passive components suspended within the channel structures formed on the wafer. 

Obviously, numerous modifications and variations of the present invention are 
possible in light of the above teachings. It is therefore to be understood that within the scope 
of the appended claims, the invention may be practiced otherwise than as specifically 
described herein. 
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1 . A mel 




abricating 



a millimeter or submillim* 




avelength component, 



comprising the steps of: 

obtaining a first master millimeter or submillimeter wavelength component; 
forming at least one first mold from the first master; and 

forming at least one first replica of the millimeter or submillimeter component using 
the first mold. 

2. The method according to Claim 1, wherein the step of obtaining a first master 
comprises: 

providing connector ports, waveguide horns, slots, and interference relief regions into 
a millimeter or submillimeter wavelength component block; and 
rounding the edges of the component block. 

3. The method according to Claim 2, wherein the step of obtaining a first master 
further comprises: 

providing a non-integrally formed backshort tuned to a desired wavelength in a 
channel of the millimeter or submillimeter wavelength component block. 

4. The method according to Claim 3, wherein the step of obtaining a first master 
further comprises: 

providing a thin protective and/or release coating layer in active surfaces of the first 

master. 

5. The method according to Claim 4, wherein the step of obtaining a first master 
further comprises: 

providing a taper on an outer edge of the first master. 



-32- 



BNSDOCID: <WO 9842486A1_I_> 



WO 98/42486 





PCT/US98/05830 



6. The method according to Claim 5, wherein the step of obtaining a first master 
further comprises: 

providing alignment features on the first master. 

7. The method according to Claim 1, wherein the step of forming at least one first 
mold further comprises: 

providing a cylinder which confines a liquid molding resin and provides support for 

cured, solid molding resin; 

providing a baseplate which is attached to the first master; and 

pouring the molding resin into a cavity formed by the cylinder surrounding the first 

master and the baseplate. 

8. The method according to Claim 7, wherein the step of forming at least one first 
mold further comprises: 

providing extensions in the mold reinforcing plate that adhere with the molding resin 
in the cavity. 

9. The method according to Claim 8, wherein the step of forming at least one first 
mold further comprises: 

curing the molding resin in the cavity; and 

extracting the first master from the cured molding resin. 

10. The method according to Claim 1, wherein the step of forming at least one first 
replica further comprises: 

pouring casting resin into the first mold; and 

adding a backside former plate or backside insert over the first mold. 

11. The method according to Claim 10, wherein the step of forming at least one first 
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ireaded extension in the backside formei 




over the first mold into 



the casting resin so as to form a threaded hole in a back side of the first replica; 
attaching a threaded element to the threaded hole; 
removing the first replica by applying force to the threaded element. 

12. The method according to Claim 1 1 , wherein the step of forming at least one first 
replica further comprises: 

curing the first replica; and 

metalizing internal surfaces of the first replica. 

13. The method according to Claim 1, further comprising: 

obtaining a second master which is designed to mate with the first master; 
forming at least one second mold of the second master; 
forming at least one second replica from the second mold; 
metalizing both replicas; 

joining the first and second replicas so as to form a complete millimeter or 
submillimeter wavelength component. 

14. The method according to Claim 13, wherein the step of obtaining a second master 
comprises: 

providing connector ports, waveguide horns, slots, and interference relief regions into 
a millimeter or submillimeter wavelength component block; and 
rounding the edges of the component block. 

15. The method according to Claim 14, wherein the step of obtaining a second master 
further comprises: 
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providing a non-integrally formed backshort tuned to a desired wavelength in a 
channel of the millimeter or submillimeter wavelength component block. 

16. The method according to Claim 15, wherein the step of obtaining a second master 
further comprises: 

providing a thin protective and/or release coating layer in active surfaces of the 
second master. 

17. The method according to Claim 16, wherein the step of obtaining a second master 
further comprises: 

providing a taper on an outer edge of the second master. 

1 8. The method according to Claim 1 7, wherein the step of obtaining a second master 
further comprises: 

providing alignment features on the second master. 

19. The method according to Claim 13, wherein the step of forming at least one 
second mold further comprises: 

providing a cylinder which confines a liquid molding resin and provides support for 

cured, solid molding resin; 

providing a baseplate which is attached to the second master; and 

pouring the molding resin into a cavity formed by the cylinder surrounding the second 

master and the baseplate. 

20. The method according to Claim 19, wherein the step of forming at least one 
second mold further comprises: 

providing extensions in the mold reinforcing plate that adhere with the molding resin 
in the cavity. 
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21. The method according to Claim 20, wherein the step of forming at least one 
second mold fur^^c^^rises: J^t 





curing the molding resin in the cavity; and 

extracting the second master from the cured molding resin. 

22. The method according to Claim 13, wherein the step of forming at least one 
second replica further comprises: 

pouring casting resin into the second mold; and 

adding a backside former plate or backside insert over the second mold. 

23. The method according to Claim 22, wherein the step of forming at least one 
second replica further comprises: 

providing a threaded extension in the backside former plate over the second mold into 
the casting resin so as to form a threaded hole in a back side of the second replica; 
attaching a threaded element to the threaded hole; 

removing the second replica by applying force to the threaded element. 

24. The method according to Claim 23, wherein the step of forming at least one 
second replica further comprises: 

curing the second replica; and 

metalizing internal surfaces of the second replica. 

25. The method according to Claim 2, wherein the step of obtaining a first master 
further comprises: 

providing an integrally formed backshort tuned to a desired wavelength in a channel 
of the millimeter or submillimeter wavelength component block. 

26. The method according to Claim 15, wherein the step of obtaining a second master 
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further comprises: 

providing an integrally formed backshort tuned to a desired wavelength in a channel 
of the millimeter or submillimeter wavelength component block. 

27. The method according to Claim 7, wherein the cylinder which confines the liquid 
molding resin has an expansion coefficient equal to an expansion coefficient of the molding 
resin. 

28. The method according to Claim 19, wherein the cylinder which confines the 
liquid molding resin has an expansion coefficient equal to an expansion coefficient of the 
molding resin. 

29. The method according to Claim 3 or 25, wherein the backshort is made of a 
material different from the first master. 

30. The method according to Claim 15 or 26, wherein the backshort is made of a 
material different from the second master. 

31. The method according to Claim 7, wherein the step of forming at least one first 
mold further comprises adding a mold reinforcing plate over the cavity. 

32. The method according to Claim 19, wherein the step of forming at least one 
second mold further comprises adding a mold reinforcing plate over the cavity. 

33. The method according to Claim 10, wherein the backside insert is made of a 
transparent or opaque material. 

34. The method according to Claim 22, wherein the backside insert is made of a 
transparent or opaque material. 

35. The method according to Claim 33, wherein the casting resin is cured through the 
backside insert made of the transparent or opaque material. 
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36. The methcx^ccording to Claim 34, wherein the ca^mg resin is cured through the 
backside insert r^^ of the transparent or opaque material. 

37. A millimeter or submillimeter wavelength device fabricated according to process 
of anyone of Claims 1-36. 
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